Research exploring factors that affect an operator's use of automated systems has gained a great deal of attention over the years; however, it is only recently that an operator's simultaneous use of multiple automated aids has been investigated. The current study employed a target search task to examine how individuals utilize two automated aids when one of the aids fails and begins to decrease in reliability. More specifically, we were interested in investigating whether people would be able to switch from utilizing the failing aid (originally highly reliable) to the other aid (originally less reliable) when the failing aid became less reliable than the other aid. The results show that participants were able to consistently use the more reliable aid, even if this meant switching from one aid to the other. Practical implications are discussed.
INTRODUCTION
Automation is used to augment human performance by assisting the operator and relieving their workload (Wickens & Hollands, 2000) , which can improve task performance . Automation is increasingly common in a number of different environments, varying from automation at home to automation at work.
Automation can be separated into four stages: synthesis, diagnosis, response selection, and information processing (Parasuraman, Sheridan, & Wickens, 2000) . In the current study, we were interested in the second stage, diagnostic automation, which involves the processing, analysis, and interpretation of data (Parasuraman, Sheridan, & Wickens, 2000) . One way that this type of automation can be used is in the military or medical practices where users need to search for a target, whether that is an enemy unit or a tumor. In these cases, the automation can provide the user with additional information as to whether or not there is a target present.
Although automation can be a tremendous asset, it also has the potential to create additional problems. This results because humans and automated systems are prone to mistakes and misidentifications. Since automation is imperfect, operators often over rely (misuse) or under rely on (disuse) the automated aid (Parasuraman & Riley, 1997) . The two types of errors made by diagnostic automation are false alarms and misses (Green & Swets, 1966) . A false alarm is when an automated aid says there is a target present when it is absent. A miss is when the automation fails to identify a target when it is present. The impact that false alarms and misses have on trust in automated systems have been of primary interest (Meyer, 2001 (Meyer, , 2004 Dixon, Wickens, & McCarley, 2007; Rice, 2009; Wickens, Rice, Keller, Hutchins, Hughes, & Clayton, 2009; Rice & Geels, 2010) . These findings have led researchers to the conclusion that operators differentially trust automated systems.
Trust in automation has been researched extensively and the overwhelming findings have been that operators who trust an automated aid often agree with the aid more and respond faster when making decisions with the aid. Participants who do not trust the automation tend to respond slower and agree less often with the aid (Dixon & Wickens, 2006; Dixon, Wickens, & Chang, 2005; Lee & Moray, 1992 , 1994 Lee & See, 2004; Lewandowsky, Mundy, & Tan, 2000; Muir & Moray, 1996) .
Past research has focused predominantly on automated systems that use only one aid (Dixon & Wickens, 2006; Dixon, Wickens, & Chang, 2005; Dixon, Wickens, & McCarley, 2007; Lee & Moray, 1994; Parasuraman, Molloy, & Singh, 1993; Parasuraman & Riley, 1997; Parasuraman, Sheridan, & Wickens, 2000; Rice, 2009; Rice, Trafimow, Clayton, & Hunt, 2008; Wiegmann, Rich, & Zhang, 2001) . Recent studies have begun to investigate automated systems with multiple aids Rice & Geels, 2010) . Keller and Rice (2010) investigated trust in systems that use multiple automated aids and found that participants adopted a system-wide trust (SWT) strategy where the operator treated multiple aids as one system, effectively merging their trust in the aids. Adopting SWT resulted in poor performance when using a reliable aid if an unreliable aid was also present. Rice and Geels (2010) expanded the findings from two automated aids to four and found that even if only one gauge was unreliable, participants would adopt a SWT strategy and trust in the entire system was hurt.
In the current study, we attempted to identify how participants react in a redundant automation situation (two automated aids assisting with a single task) when one of the automated aids begins to fail. Two automated aids were used; one started at a reliability level of 75% and remained stable at this reliability level throughout the experiment. The other aid started with perfect reliability (100%) and subsequently became less reliable (in 10% decrements) as the study progressed. Midway through the study, this failing aid's performance level was less reliable than the stable (75% reliable) aid.
While the failing aid's reliability is decreasing in the first half of the study, we expect performance to decrease as a result. However, if participants are able to switch their attention over to the stable aid, performance should level out after the midway point. If they are not able to switch their attention and instead continue attending to the failing aid, performance should keep decreasing below where it would be if they had been using the stable aid.
METHOD Participants
Participants were 50 undergraduate students (32 female, 18 male) from a university in the southwestern United States. Participants received partial course credit for participation. Mean age was 20.3 years (SD = 6.3 years, range = 18 -52 years).
All participants had normal or corrected-to-normal vision and were tested for color-blindness.
Materials
Stimuli were created by randomly generating an array of letters on a 500 x 500 pixel, white background (see Figure 1) . The letters were capitalized and typed in black, 14 pt. Arial font. Each stimulus had 100 letters which were permitted to overlap. In target-absent stimuli there were no Xs and in target-present stimuli, one of the letters was X. The letter K was removed from the non-target letters due to its similarity to X. The experiment was designed using E-Prime 2.0 software and run on a computer with a 22" monitor, set at 1024 X 768 resolution and a refresh rate of 65 Hz. 
Procedure
Participants provided consent and read the experiment instructions. Participants were told that they would be taking part in a target detection task in which they would have 5 seconds to determine if the letter X was present in an array of letters. Participants were also told that they would receive at least one automated computer aid to help them make this decision. The aid(s) would tell the participant whether the X was in the photo before the participant had to make a decision. In order to better simulate applied search tasks, all automated aids were overly sensitive and committed false alarms only.
Before the experiment, participants were randomly assigned to one of two conditions. In the Baseline condition, participants received a single, stable automated aid that was always 75% reliable. In the Descending condition, participants received both a stable aid (75% reliable) and a failing aid, which initially began at a reliability level of 100% and decreased throughout the study in 10% decrements. Participants in both conditions were informed of the reliability of the aids. For the failing aid, participants were told that it was 100% reliable, but that the reliability of the aid would change throughout the study and they would be informed each time it changed. Participants were also told that the two aids would not always agree with one another.
After demonstrating an understanding of the instructions, participants began the task. A fixation cross was displayed for 1.5 seconds, followed by the recommendation from the automated aid(s). In the Baseline condition, the single, stable aid displayed its decision in the center of the screen. In the Descending condition, one aid displayed its decision on the top half of the screen and the other aid displayed its decision on the bottom half of the screen. The position of the aid (either stable or failing) displayed at the top or bottom of the screen was counter-balanced between subjects. The current reliability of each aid was labeled on every trial in both conditions so that there was never any doubt about which aid was being displayed in which position. The aids would display the text "Target Detected!" if the aid detected the X or "Target Not Detected" if the aid did not detect the X. These decisions were displayed for 2.5 seconds in both conditions.
The stimulus was shown following the aids' recommendations. Participants were asked whether the letter X was in the picture and told they had 5 seconds to answer. Participants were asked to respond by pressing "J" if they thought the X was present or "F" if they thought the X was not present. If a response was not made within 5 seconds, the trial was counted as incorrect. After the stimulus, participants were shown a feedback screen. The feedback screen indicated whether the participant was correct or incorrect.
Participants completed a total of 10 practice trials followed by 6 blocks of 20 test trials each for a total of 130 trials. In the Baseline condition, the aid was 75% reliable throughout all 6 blocks of test trials. In the Descending condition, the stable aid was 75% reliable throughout all 6 blocks. The failing aid started at 100% reliability and decreased by 10% reliability in each consecutive block. This resulted in the aid being 100%, 90%, 80%, 70%, 60%, and 50% reliable in blocks 1, 2, 3, 4, 5, and 6, respectively. Participants were alerted when the failing aid had changed reliability and informed of the new reliability. They had to acknowledge receipt of this information before continuing the task. Accuracy and RTs were recorded. The experiment took approximately one hour to complete.
RESULTS
A 6 x 2 (Block x Condition) mixed ANOVA performed on response time revealed a significant main effect of Condition, F(1, 48) = 7.60, p < .01, η p 2 = .14, with overall RT faster in the descending condition than the stable condition.
We conducted a 6 x 2 (Block x Condition) mixed ANOVA on accuracy. The analysis revealed a significant main effect of Block, F(5, 240) = 2.93, p < .05, η p 2 = .06, and a significant interaction, F(5, 240) = 5.47, p < .001, η p 2 = .10 (see figure 2) . A trend analysis revealed a significant linear trend, F(1, 48) = 7.55, p < .01, η p 2 = .14. A separate follow up 3 x 2 (Block x Condition) mixed ANOVA performed on the last 3 blocks (when the failing aid was less reliable than the stable aid) revealed no significant main effect of condition, p = .69, indicating that participants had switched to the other aid and their accuracy had leveled off. 
DISCUSSION
The present findings are consistent with the hypothesis that participants will switch to the alternative aid if the initially reliable aid performs worse than the alternative aid. When participants approached the block of trials where the aid dipped to 70% reliable they showed no difference from the participants in the Baseline condition. Rice and Keller (2009) found that participants comply with the automation more when they are given less time to make a decision about the automation. One reason for this is because, when under time pressure, participants do not depend on their own decision making ability, but instead depend on the automation to make their decision (Rice, Keller, Trafimow, & Sandry, 2010) . In the present study, we presented participants with the decisions of the automated aid(s) and then limited the viewing of the target detection screen to only a 5 second period in efforts to create more dependence on the automated aid(s). The pattern of results from the present study indicates that participants relied on the aids and were able to determine which automated system was more accurate, even if that meant switching aids halfway through.
CONCLUSION
From the present study, we cannot draw strong conclusions as to whether or not the participants consciously knew they were switching or if this was an unconscious process. Further research is needed to discover the underlying mechanism behind why participants switch, as well as how they make that decision. With an understanding of the underlying mechanism, researchers will be able to establish new theories and make new predictions about automation use.
The results from our study demonstrate the flexibility that human operators have when using an automated aid. Participants relied heavily on the aid to assist them (indicated by their decrease in performance while the aid was failing), but they did not develop such a dependence on the aid that they were unable to discard it in favor of the better aid. This flexibility is important in applied settings where the potential of a failing aid could have devastating consequences. However, if another aid is available that is not failing, it is likely that the operator would be able to switch to this other aid. These results also highlight the ability to switch as a distinct advantage in building automated systems with redundancy in automated aids. Further studies will be needed to explore other possible benefits, as well as hazards, of using redundant automated aids.
